Higher levels of VAT at the same body size and lower levels of physical activity (PA) have been reported in persons of Chinese and South Asian origin compared to European origin. The purpose of this study was to test the hypothesis that higher levels of VAT in persons of Chinese and South Asian origin versus European origin are associated with lower levels of PA. Chinese, European, and South Asian participants were assessed for sociodemographics, obesity-related measures, anthropometrics, and PA. Bivariate correlations, analysis of covariance, and regression models were used to explore ethnic differences in PA and the role of PA in explaining obesity-related measures. We observed ethnic differences in both body fat distribution and PA. Chinese and South Asians had higher amounts of VAT at a given BMI but lower amounts of moderate PA, vigorous PA, and moderate-to-vigorous PA (MVPA). Furthermore, we found ethnic-specific differences in the associations between body fat distribution and PA with only Europeans showing a consistent negative relationship between body fat distribution and PA. When ethnic differences in PA were taken into account, there were no longer any differences in VAT between the Chinese and European groups, while VAT remained higher in South Asians than Europeans.
Introduction
The prevalence of obesity and related chronic noncommunicable diseases is increasingly affecting the health of populations worldwide with the greatest increases in obesity occurring in countries such as China and India [1] . A growing body of research suggests that central distribution of body fat may be more important than general obesity in understanding differences in cardiovascular disease (CVD) risk factor profiles between individuals [2] . Even at desirable values of body mass index, elevated values of waist circumference are associated with increased risk for disease outcomes such as type 2 diabetes and CVD [3] [4] [5] . This is likely due to the fact that waist circumference is reflective of excess visceral adipose tissue (VAT), which has been shown to be highly associated with metabolic and CVD risk [6] [7] [8] and to be an independent predictor of all-cause mortality in men [9] . Previous research has shown that for a given waist circumference and body fat percentage, Chinese and South Asian people have a greater amount of VAT than their European counterparts [10] , which may predispose these populations to increased risk for related diseases [11] .
Physical activity (PA) has been proposed as one of the most effective therapies for reducing VAT [12] . Crosssectional studies of PA have shown associations between higher PA levels and lower VAT [13] , and a number of PA intervention studies have demonstrated significant reductions in VAT [12, [14] [15] [16] . PA-induced reductions in VAT have also been reported in the presence of only modest (<3%), or even no weight loss [14, 17, 18] . A systematic review of aerobic PA and VAT found that as little as 10 MET hours per week (approximately 150 minutes per week 2 Journal of Obesity of moderate PA such as brisk walking) is adequate for a significant reduction in VAT [19] ; however, vigorousintensity PA may result in greater reductions in VAT than moderate-intensity PA [20, 21] .
It has been suggested that changes in VAT in response to PA are heterogeneous [18] , and the response to exercise may depend on differences in body fat distribution, such that individuals defined as "thin on the outside fat on the inside" (TOFI) may benefit more than others [22] . This subphenotype description (TOFI) is consistent with our earlier findings of body fat distribution in Chinese and South Asians [10] . However, the response of this subphenotype to PA has been poorly explored and requires further investigation.
Given current knowledge about VAT and low levels of physical activity (PA) in Chinese and South Asians compared to Europeans, [23] ethnic differences in PA may have a role in previously reported ethnic differences in VAT. We therefore hypothesized that ethnic differences in VAT are due, in part, to ethnic differences in PA which we assessed in both amount of PA and intensity of PA. We also explored the effect of ethnic differences in PA on differences in total body fat and subcutaneous abdominal adipose tissue (SAAT).
Methods
Study participants were 603 apparently healthy men and women between 30 and 65 years of age of Chinese (n = 207), European (n = 200), and South Asian (n = 196) origins who were recruited from Vancouver, Canada and enrolled in the multicultural health assessment trial. The M-CHAT study was designed to investigate body fat distribution in different ethnic groups and has been described in detail [24] . Briefly, study participants were recruited to ensure equal numbers of men and women in each ethnic group and across ranges of body mass index (18.5-24.9, 25-29.9 , and ≥30 kg/m 2 ). Participants were excluded if they self-reported CVD and/or diabetes, had undergone recent weight change (greater than 2 kg in 3 months prior to assessment date), if they were on medication known to affect type 2 diabetes and CVD risk factors (lipid-lowering, antihypertensive, hypoglycemic, hormone replacement therapy, or insulin), or if they had significant prosthetics or amputations. As we had difficulty identifying an adequate sample of Chinese participants in the highest BMI range meeting our inclusion criteria, we changed our target for the upper range to a BMI of ≥28 kg/m 2 . These changes to the sampling range resulted in a study cohort that although not evenly distributed across the BMI tertiles allowed for sufficient variation in BMI values within each ethnic group. The study protocol was approved by the Simon Fraser University Research Ethics Board, and all participants provided written informed consent.
Physical Activity Measurements.
Physical activity was assessed using the Modifiable PA Questionnaire [25] . This questionnaire has previously been used with a multiethnic population inclusive of South Asians and Chinese to examine physical activity. The questionnaire gave participants a range of leisure time PA options to choose from, and they recalled how often and for how long they participated in each activity over a one-year time frame. Activities that were not listed were reported in the other category. Leisure-time PA included domestic activities such as housework, yard work, and shoveling as well as recreational and sporting activities such as walking, yoga, soccer, and swimming. Metabolic equivalents (METs) of reported activities were determined from the Ainsworth Compendium [26] and were categorized into moderate (3-6 METs) and vigorous (>6 METs) intensities and reported as minutes per week. The sum of moderate-vigorous PA (MVPA) was calculated to reflect the total of moderate and vigorous minutes per week.
Body Composition Assessment.
Abdominal adipose tissue was assessed by computerized tomography (CT) from a single cross-sectional CT scan centred at the L4/L5 intervertebral disc. All scans were performed with a CTi Advantage scanner (General Electric, Milwaukee, WI). Scan parameters were set at 120 kV(p), 300 mA for 1 s, 10 mm thickness, 512 × 512 matrix, using a 48 cm field of view. Computation of surface areas was conducted via the use of medical imaging software SliceOmatic v4.2 (TomoVision, Montreal, QC, Canada), using the attenuation range of (−190) to (−30) Hounsfield units for adipose tissue. VAT was calculated as total pixels and area within the attenuation range that fell within the visceral peritoneum (abdominal wall), and SAAT was calculated as the difference between total abdominal adipose tissue and VAT. Total body fat was assessed by dualenergy X-ray absorptiometry with a Norland XR-36 scanner (Norland Medical Systems, White Plains, NY).
Other Measurements.
Participant age, sex, education, ethnicity, and smoking status were assessed by self-report. Weight in kilograms and height in metres were assessed with participants in light clothing (or hospital gowns), footwear removed, and pockets emptied. Body mass index was calculated as body mass in kilograms divided by height in metres squared. Waist circumference was recorded in centimetres as the average of two measures taken against the skin at the point of maximal narrowing from the anterior view following a normal expiration.
Statistical Analyses.
All continuous variables were examined for normality, and non-normally distributed variables were transformed prior to analyses using the natural logarithm. To assess ethnic differences, we used chi-squared tests for categorical variables and one-way ANOVA with Bonferroni-adjusted post hoc tests for continuous variables. Pearson correlation coefficients were used to identify the linear association between moderate PA, vigorous PA, and MVPA, with VAT, SAAT, and total body fat, stratified by ethnicity and significant correlations, were used in the main regression analysis. Sequential linear regression models were constructed with ethnicity as the predictor variable and VAT, SAAT, or total body fat as the dependent variable, with adjustments for age, sex, BMI, smoking, and education. In model 1 ethnic differences in VAT were adjusted for age, sex, BMI, smoking, and education. To determine the influence of PA and the intensity of PA on the relationship between ethnicity and VAT, subsequent models were adjusted for the same covariates as model 1, as well as either MVPA (model 2a) or both moderate and vigorous PA (model 2b). Significance was set at P < 0.05 for main effects. All statistical analyses were performed with SPSS 17.0 software (SPSS, Chicago, IL).
Results
Participant age, education, and smoking status differed by ethnicity (Table 1) . Mean BMI for the Chinese, European, and South Asian participants was 25.8, 27.8, and 27.9, respectively. There were significant ethnic differences in all of the body composition and physical activity measures. Of note, VAT was significantly higher in South Asian compared to European (P = 0.037) participants. SAAT differed between all ethnic groups with the lowest values in Chinese followed by Europeans (P < 0.001), and total body fat was significantly higher in South Asians compared to Europeans (P < 0.001) and in Europeans compared to Chinese (P < 0.001). Chinese and South Asian participants had lower moderate and MVPA than Europeans (P < 0.001), while vigorous PA was also lower in Chinese compared to European participants (P = 0.004) ( Table 1) .
After adjusting for age, sex, BMI, education, and smoking status, VAT was higher in both Chinese (P = 0.004) and South Asians (P < 0.001) than Europeans (Table 3 , model 1). Further adjustment for MVPA did not substantially alter these associations (Table 3 model 2a) . After we adjusted for both moderate PA and vigorous PA (Table 3 model 2b) , the difference in VAT between Chinese and Europeans was no longer apparent (P = 0.109), while VAT remained significantly greater in South Asians compared to Europeans (P < 0.001). In this model, moderate PA and vigorous PA were both significantly associated with VAT (P = 0.013, P < 0.001) and accounted for an additional 3.6% of the variance in VAT.
There were no differences in SAAT between Chinese and Europeans, but South Asians had greater amounts of SAAT than Europeans (P < 0.001) when adjusting for age, sex, BMI, education, and smoking status. Further adjustment for MVPA (Table 3 , model 2a) or moderate PA and vigorous PA (Table 3 , model 2b) had little impact on the ethnic differences. Vigorous PA was significantly associated with SAAT (P = 0.026), while moderate PA was not significantly associated with SAAT (P = 0.283), accounting for only an additional 0.4% of the variance in SAAT.
Total body fat was lower in Chinese (P < 0.001) and higher in South Asians (P < 0.001) compared to Europeans, adjusted for age, sex, BMI, education, and smoking status. Further adjustment for MVPA (Table 3, model 2a) or  moderate PA and vigorous PA (Table 3 , model 2b) had little impact on the ethnic differences. Vigorous PA was significantly associated with total body fat (P < 0.001), while moderate PA was not significantly associated with body fat (P = 0.458), accounting for an additional 0.4% of the variance in total body fat.
Discussion
The purpose of this investigation was to assess ethnic differences in PA amount and intensity and to explore whether these PA differences may explain ethnic differences in total and centralized body fat. We found that in comparison to Europeans, both Chinese and South Asians had lower levels of moderate PA and MVPA and Chinese had lower levels of vigorous PA. These lower levels of PA were accompanied by higher adjusted amounts of VAT. Both levels of moderate PA and vigorous PA were negatively associated with VAT in Chinese and Europeans but only vigorous PA was negatively associated with VAT in South Asians. When ethnic differences in PA were taken into account, there were no longer any differences in VAT between the Chinese and European groups, while VAT remained higher in South Asians. Ethnic differences in PA did not influence ethnic differences in SAAT or total body fat.
Our findings of lower levels of PA in Chinese and South Asian groups than Europeans are consistent with what has been reported previously among ethnic minority populations in Canada [23, 27] , the UK [28, 29] , and the US [30] . Liu et al. reported that Chinese and South Asian men and women were 1.58 and 1.66 times, respectively, more likely to be physically inactive compared to Europeans [23] . High levels of physical inactivity in Chinese and South Asian populations have also been found to be independent risk factors for diabetes, which suggests that physical inactivity is an appropriate target for primary prevention efforts in these two high-risk populations [31] .
It has previously been shown that vigorous intensity exercise significantly reduces VAT compared to moderate intensity exercise in primarily European populations [20, 32] . There is speculation that the greater response of VAT to vigorous intensity exercise may be due to the increased sensitivity of VAT to lipolytic stimulation during higher intensity exercise as increasing exercise intensity results in greater lipolysis which may facilitate greater postexercise energy expenditure and fat oxidation [33] . We found VAT to be significantly correlated with vigorous PA in all three ethnicities, which was not true for moderate PA.
While there is evidence that VAT is significantly reduced with vigorous intensity exercise, there is conflicting evidence regarding exercise intensity and SAAT reduction. We found no correlation between SAAT and PA in Chinese and South Asians while there was a significant correlation in Europeans with vigorous PA. Coker and colleagues did not observe a significant reduction in SAAT in either moderate or vigorous intensity exercise groups, while Irving et al. found a significant reduction in SAAT in their vigorous intensity exercise group but not their moderate intensity exercise group [20, 32] .
Vigorous exercise but not moderate exercise has been shown to reduce total body fat in European men and women [20, 34] . We found total body fat to be significantly 
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P value nonsignificant presented as-Moderate PA was significantly correlated with VAT in Europeans (r = −0.213, correlated with moderate intensity PA in Europeans and with vigorous intensity PA in all ethnic groups. While differences between moderate and vigorous intensity exercise and body fat distribution were observed in the above studies, Slentz and colleagues found no significant difference in body fat distribution in a moderate or vigorous intensity exercise group of the same volume but found a significant difference with vigorous intensity exercise of a higher amount [35] .
As we have reported earlier [10] , VAT was higher in both Chinese and South Asian participants after taking into account key confounders such as BMI. When further adjusted by moderate PA and vigorous PA, there was no longer any difference in VAT between Chinese and Europeans, but the difference in VAT between South Asians and Europeans remained. This finding suggests that different mechanisms may explain ethnic-specific differences in VAT accumulation. For example, the higher VAT levels in Chinese compared to Europeans may be mediated by lower levels of PA among Chinese, whereas higher VAT levels in South Asians compared to Europeans do not appear to be related to lower levels of PA. Indeed, Ross and Bradshaw have indicated that changes in VAT in response to exercise are heterogeneous, and some individuals may benefit more from exercise than others [18] .
Despite taking into account their lower levels of PA, South Asians still had higher levels of VAT than the Europeans. In recent years, a number of hypotheses have been presented that may explain the South Asian obesity phenotype of elevated VAT and total body fat. This includes the development of dysfunctional adipocytes through intrauterine origins (including epigenetics) and a lower threshold for storing adipose tissue in subcutaneous stores [36, 37] . It has also been theorized that there may be genetic or epigenetic factors which influence catecholamine-induced lipolysis during exercise [38] which may in turn differentiate the response of VAT to exercise in the South Asian population. However, it is important to note that the South Asian population studied here reported very low levels of PA, and it is possible that a higher volume or intensity of PA may alter this subphenotype.
Interestingly, when MVPA was added to the model there remained a difference in VAT between both ethnic groups and Europeans. However, VAT was significantly correlated with both PA intensities in our sample, therefore, to determine which intensity was associated with the ethnic differences in VAT, each intensity was added independently into the model. By taking into account moderate PA as an independent variable, there was no longer an ethnic difference in VAT between Chinese and Europeans. A doseresponse relationship with vigorous intensity exercise and VAT, SAAT, and total body fat has previously been observed, and it was suggested that total energy expenditure may be a more important predictor than intensity for fat mobilization [35] . We found median minutes per week for vigorous PA to be 10.9, 40.5, and 22.8 for Chinese, Europeans, and South Asians, respectively, while moderate PA was reported as 139.2, 230.8, and 110.2 minutes per week, respectively. This volume of PA for Chinese and South Asians is lower than the the amount necessary to significantly reduce VAT [19] . This study has certain limitations. As it was crosssectional, it is limited in its ability to infer causality. While there is evidence to suggest that obese individuals may be limited in the amount of PA, they can engage in as a result of their obesity [39] , the overwhelming majority of our participants had a BMI well below the levels at which PA is likely to be limited by body size (BMI of 25.8, 27.8, and 27.9 for Chinese, European and South Asian resp.), and therefore we believe that in our population, the act of PA preceded that of body fat accumulation. The self-report of a oneyear recall of PA is another limitation, as individuals tend to overestimate PA due to social desirability bias [40] . Although this is a significant limitation in PA research, the self-report bias is likely similar across ethnic groups. In support of this notion, the physical activity questionnaire used in this study has previously been used in a different multiethnic cohort of South Asians and Chinese to define PA [25] . Also, the lower levels of PA reported in South Asians and Chinese compared to Europeans are consistent with previous observations in these populations [23] . Nevertheless, it is likely that individuals in our population sample overreported PA participation. Classification of PA into intensity using the Ainsworth Compendium may also have resulted in error if the intensity of the activity reported differed from what is indicated in the Compendium which may influence the results if PA was categorized as moderate when it should have been vigorous or vice versa. We must also acknowledge the limitations of using the thresholds for MPA and VPA of 3 and 6 METs, respectively. While these absolute cutoffs have been used in various PA studies [41, 42] , they may not fully capture the relative terms of "moderate" and "vigorous" in that 6 METs in a highly trained individual may only illicit a moderate response and similarly, in an older, more frail person, 3 METs may be considered vigorous. In our study, however, given the narrow range of age and abilities, this limitation is not likely to be as prominent in a more heterogeneous population. Lastly, our study cohort was purposely recruited from a wide range of BMI values and not a random population sample. However, this design allowed us to investigate these associations across a range of body fat and VAT amounts as opposed to a narrower range of body sizes one might expect in these different ethnic groups.
The strengths of this study are the use of gold standard techniques for measurement of body composition: computed tomography for VAT and SAAT and dual energy X-ray absorptiometry for total body fat. Additionally, the population sampled was purposely recruited based on ethnicity and BMI.
Conclusions
In conclusion, in this cross-sectional study, we observed ethnic differences in both body fat distribution and PA; Chinese and South Asians had higher amounts of VAT at a given BMI but lower amounts of moderate PA, vigorous PA, and MVPA than Europeans. Furthermore, we found ethnicspecific differences in the associations between body fat distribution and PA with only Europeans showing a consistent linear relationship between body fat distribution and PA in correlational analyses. When ethnic differences in PA were taken into account, there were no longer any differences in VAT between the Chinese and European groups, while VAT remained higher in South Asians. Encouraging PA in ethnic minority populations is essential as these populations are growing in Canada. An exercise intervention study is necessary to further elucidate the effects of PA on body fat distribution in ethnic populations.
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